One of the landmarks in the history of the physiology of reproduction is the discovery by Stockard and Papanicolaou7 that the progress of the sexual cycle of mammals, conditioned by ovarian changes, is reflected in a spectacular rhythm of changes in the cell content of the vaginal lumen. Those changes could, it was discovered, readily be recognized by examination of a specimen from the vagina. The simplicity and reliability of the "vaginal smear" technic at once recommended itself as a most convenient tool for the determination of the stages (ovulation, for example) of the estrous cycle. The stimulus of this new method to research in reproductive phenomena is hard to over-estimate.
of animals. The present paper, preliminary in nature, will concern itself almost exclusively with the cyclic changes in the rat.
Although the vaginal smear technic has been reduced to a routine for nearly a quarter of a century, little attention has been given to a further analysis of the astounding morphological and chemical changes which the vaginal mucous membrane undergoes in the course of every cycle, and little has been done to determine the mechanism of action of hormones on these changes. Just to cite one example: in the castrated rat a little estrogen causes widespread mucification in lthe superficial layer of the vaginal mucosa; tripling the dose results in complete cornification, and deposition of fat and glycogen is also favored. At the present stage of our knowledge, it is possible to do little more than state problems to be solved.
The present study, it should be confessed at the outset, has not the slightest practical value; for the identification of cell types depends upon a staining method too laborious to employ as a routine. To determine the stages of the estrous cyde it is, indeed, not necessary to stain the specimen at all or even to examine the sample under the microscope, the consistency of the sample on the vaginal spatula being quite sufficient for practical purposes, at least in the hands of the expert.
The most important contribution to the clarification of the vaginal cytology was Papanicolaou's technic of fixation of the specimen before this has a chance to dry. The stain found best for differentiation of the cell types was the trichrome stain developed by Shorr in 1942. For the convenience of the reader the Shorr technic is given in detail in the Addendum with slight modifications found advantageous for rat smears by Mr. George Svihla of this laboratory.
Cell types
As implied above, cell types are divisible into broad classes (scales, cornified cells, epithelial cells, leukocytes) on morphological grounds. These are again (except for the scales) divisible into sub-groups on the basis of the chemical reactions of cytoplasm and its inclusions in the presence of the stains employed (see Addendum). Even the hematoxylin-eosin method tells very little-such preparations are flat and uninteresting when compared with a Papanicolaou-Shorr preparation.
In the following classification the type is named as well as num-bered, and in the discussion the name is usually used for the convenience of the reader. Cell Type I. "Scales." Brilliant red-orange; no nuclei, or only ghosts thereof, clear and glassy and, except for certain transitional stages, devoid of granulation. The first scales that appear are easily distorted (termed "plastic" in the protocols) and are more opaque than those that are seen several hours later.
Cell Type II. The "Shorr" cell, as we prefer to call it, has a large, blue or blue-green to gray cytoplasm; as large as scales or even larger, sometimes smaller, grading later in the cycle to medium cells, having full, vesicular nuclei. The nuclei of the Shorr cells are full, round, or slightly elliptical and have the chromatin condensed into sizable granules, which condition renders the structure markedly "vesicular," in contrast with similar cells of the proestrum (type VI, class 4). The Shorr cells apparently lie beneath the cornified layer (Dierck's layer in the primates). When but one smear is taken daily, as is usually done, it requires many cycles to secure the transitional stages from that of the pure culture of scales. Our preparations include such stages, from red-orange scales with from 2 to 10 per cent of Shorr cells to the metestrous smear containing other types of epithelial cells and leukocytes.
Cells of this type have been seen in all mammals examined, including the dog, fox, mink, marten, opossum, the laboratory rodents, and the farm ungulates. In the latter (cow, goat, pig) the Shorr cell is especially prominent, constituting in the cow, for example, several days after heat, practically the only large epithelial cell present. In man and monkey this cell has been described as type II by de Allende, Shorr, and Hartman' in their Plate I, Figs. 7-9 and 31 and 33. Experimentally, the cell can be produced in large numbers in spayed rats receiving estrogen, when the proportion may rise to 30 per cent, the remainder being, of course, scales. numbers as to render the specimen red to the naked eye. In one strain of rats it plays a prominent role (see below). The cytoplasm is dense and finely granular, and the full nudeus is also densely granular and red staining so that it is recognizable only on close inspection. Provisionally this cell is considered a pre-cornified cell, probably arising from the upper layer of the cornifying area of the mucosa.
Attention should be called to the fact that a false picture may be produced on the slide if the sample is allowed to dry before fixation, in which event most of the cells stain red and the differentiation desired is not secured.
Epithelial cells, Class 4. These are most like the "proestrous" epithelial cells of Long and Evans. Upon the disappearance of leukocytes, large green to blue cells appear in the smear. These differ from the Shorr cells by the uniform distribution of chromatin in the "gray" nuclei. These Epithelial cells, Class 6. This is another degenerating cell which almost certainly comes from the cervix. It is always very light green, as is cervical mucus when it appears on the slide in a thin sheet. The nucleus is dark, almost black, pyknotic, of various shapes from elliptical to crescentic. The cell edges are indistinct and the cytoplasm is subtly vacuolated. The cell accompanies leukocytes enmeshed in cervical mucus on the fourth day of the cycle.
The vaginal.cycleResRume As already stated, if smears are taken only once daily, one or another stage in the transformations of the vaginal cells may be overlooked in any given cycle. Instructive in this connection are the series which include three or four examinations daily. As a result of too frequent vaginal examinations, however, pseudopregnancy sets in sooner or later due to the unavoidable stimulation of the cervix. It might be possible, if two persons cooperated, one holding the rat and the other gently taking the sample, to reduce the incidence of pseudopregnancy.
The cell types listed in the preceding section are, as stated at the outset, arranged roughly in their order of appearance in the cycle. It is apparent, then, that despite daily administration of estrogen in the castrated female rat, a state of strict "constant estrus" is not attainable. Misses C. Hamilton and S. Pederzolli, who performed some of these expeniments in this laboratory, found that the cycles appeared in the castrates receiving 0.1 mg. of the estrogen daily as well as with one-twentieth that amount. It is probable that the technic employed is superior to previous methods used in the study of this phenomenon (see Castillo and Di Paola, Endocrinology, Jan. 1942, for literature on this phase of the subject).
2. Progesterone and desoxycorticosterone. These hormones act similarly and will be considered together. As has been abundantly shown in a general way by others, these steroids, like testosterone also, have some "folliculoid" (Selye) action Most of the rats employed in this study were of the SpragueDawley strain ("SD" rats). A dozen or more hooded rats behaved quite similarly; but another albino strain of unknown origin ("KHE" rats) behaved very differently.
The differences between smears of the SD and the KHE strains are already apparent to the naked eye when one lays a long series of preparations out on sheets of white paper. In the SD strain the cycle is seen in the red-stained smear which appears in every fourth (or fifth) slide. A similar rhythm of mucus on the fourth day can also be picked out, the latter usually being like a dark smudge across the specimen. The smears of the KHE rats are quite different. The slides from these are red every day! And yet the full estrous smear of "scales only" occurred with perfect regularity on every fifth day. This continued red stain is due to the fact that between estrous periods large red epithelial cells of type VI, dass 3, predominate in the smear and continue, along with leukocytes, until the next estrus. Only on day 4 does one see various other epithelial cells, especially thin blue cells of medium size, some containing basophilic granules (type VI, class 6).
In the KHE rats there is evidently a tendency toward continued cornification, if the theory expressed above is correct, namely, that the "red" epithelial cells represent the chemical if not the morphological stage of "cornification."
Nor is this variability in the manifestations of the. complicated processes involved in the vaginal cycle surprizing, when one considers the very great variation in total cycle length as well as in the stages of the cycle as differentiated by Long and Evans (1922, tables on pp. 42-45). Other species (e.g., the mouse) show the same variability, which may be considered a universal phenomenon.
Problems concerning changes in the vaginal mucosa of the rat 1. Contributions from the cervix and above to the vaginal smear: In the vaginal smear, what cells have been contributed by the cervix, the uterus, and possibly the oviducts?
As to the cervices, the matter seems to this laboratory fairly clear that at least one type of epithelial cell, besides, of course, clouds of leukocytes, slough from these organs and reach the vagina with the downward flow of peritoneal fluid. These are the cells of type VI, class 6. Like the leukocytes, these cells are typically so enmeshed in strands of mucus that they must almost of necessity issue from the same source. One finds these cells occasionally in connection with smooth, structureless areas of light-green-staining material, which are masses of amorphous cervical mucus.
With a high level of estrogen in the female no mucous strands are to be seen in the smear. The estrous smear is "clean," devoid of any debris between the more or less discrete blue epithelial cells of the proestrum or the scales of full vaginal estrus. The studies of Papanicolaou and Traut would seem to stimulate one to seek typical endometrial cells in the vaginal smear.
The oviducts also undergo not only cyclical growth but also cyclical involution and loss of cells, as we know for certain in the mouse (Allen) . In the fallopian tubes of the opossum the writer has seen what amounts to actual sloughing of masses of epithelial cells. Do these reach the vagina in a more or less intact condition, or are they absorbed in situ?
2. The migration of leukocytes: This phenomenon has long been known and intensively studied. Leukocytes are known to pass through all of the mucous membranes, the parts of the female genital tract in particular. The process has been described in detail for the uterus in its involutionary phase (diestrum, menstruation, postpartum) i the story is clear in broad outlines also for the vaginal epithelium (cf. Long and Evans, 1922; Edgar Allen'). Little has, however, been written -on the equally marked cyclic variation in leukocyte content of the cervical glands.
The student of cellular mechanisms would like to know why a few molecues, more or less, of estrogen circulating in the submucosal capillaries are able to produce the difference between mass migration of leukocytes among the cells of the epithelium and the complete inhibition of the process. The stimulus may emanate, of course, from the tissue towards which the leukocytes are moving and which are themselves affected by the endocrines. Thus, in the castrate, cells become necrotic by virtue of lack of endocrine stimulation; in the proestrum, when migration begins, the epithelium rnay be too thick to be nourished properly from the too distant capillaries of the submucosa. In either case products of cellular decomposition ("necrohormones"?) may be the stimulating agent affecting the leukocytes and estrogens, reviving the tissues, thus indirectly inhibiting leukocytic migration.
What, furthermore, may be the functions of the leukocytes? That polymorphonuclear leukocytes may be seen actively moving in the early metestrous smear of the rat when viewed on the warm stage does not prove that they do anything after they reach the lumen. The vagina is self-cleansing without leukocytes.
Many smears are seen littered with fragments of nuclei of leukocytes, which the writer has observed for years also in the monkey. Dead leukocytes, those that take on methylene blue, constitute the bulk of leukocytes in all vaginal smears, although the proportion between those still "respiring" (by the methylene blue test) and the dead ones varies in the course of the cyde.
That leukocytes die and disintegrate in the vagina (or in the cervix or the uterus?) is indicated by the following experiment (by H. McNeil in this laboratory): 0.5 cc. of a fine suspension of carmine particles were injected by heart puncture into the blood stream of female rats in the proestrum. Several days later the carmine partides were recovered in the vaginal smear. One tentative explanation is that the leukocytes picked up the non-toxic, nonsoluble carmine particles in the blood stream, migrated through the mucosa of the genital tract, disintegrated there, and left the granules of carmine behind.
The presence of leukocytes (1 Shorr suggests aspirating the vaginal secretion with a dry pipette having a rubber bulb at one end and placing the material on a clean glass slide. Mack uses a moistened cotton applicator which is placed in the vagina and twirled lightly (one complete rotation) against the vaginal wall. The cotton end of the applicator is then rolled over the surface of a clean glass slide. We have found the cotton applicator method to give thin, even smears with the cow, goat, dog, and rat. A quarter-inch dowel-rod 12 inches long is wrapped at each end with a small amount of cotton for use with cows and goa'ts.
Standard commercial applicators may be used in man, while the same with some of the cotton removed have been used with rats.
Regardless of method used it is important that the smear be fixed before it has a chance to dry. If the applicator is rolled over the surface of a slide held a few inches above a jar of fixative, the slide can be readily plunged into it. The fixative is composed of equal parts of ether and 95 per cent alcohol. Smears may remain in the fixative for from a few minutes to a few days, although prolonged fixation affects differential staining. Stainng.
Several stains have been developed for special purposes (see Literature list), but for a study of normal smears we have found one of the Shorr stains to be most satisfactory.
The procedure is as follows: In order to obtain the best staining results it is helpful to determine first the proper staining time for the hematoxylin alone. To do this omit steps 3, 4, 5, and 6 on test smears, changing first the destaining time of step 2. If this does not give the desired results try another staining time and again vary the destaining period until the proper time is found. The nuclei alone should be stained by the hematoxylin and they should not be stained so heavily as to black-up internal detail.
It has in the past been a common practice to dry smears, stain, and then study them without the benefit of a mounting medium or cover-glass. This method is sufficient, perhaps, to determine the stage of the cycle at the moment. For a detailed cytological study the well-fixed smear with its beautiful differential staining and abundance of clear detail is worth the trouble of careful fixation and the addition of a mounting medium and coverglass. Thus prepared the smears are more useful and permanent. 
